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STANDARD OPERATING PROCEDURES FOR COATING ALUMINUM

HONEYCOMB DENUDERSWITH MAGNESIUM OXIDE

10 Purpose and Applicability

This document outlines procedures for deaning and coating auminum honeycomb denuders

with magnesium oxide for the collection of gas phase acidic speciesin the ambient air. ThisSOP is

gpplicable for coating a uminum honeycomb denuders used with the Met One Instruments, Inc. SASS

line of PM2.5 speciation samplers.  Under most ambient sampling conditions, the denuder’s

performance is not expected to degrade sgnificantly over three months

of continuous fidd use.

2.0  Safety Precautions

21

22

2.3

24

2.5

2.6

Always wear latex or plagtic gloves when handling solvents (ethyl dcohol or methyl
acohal) if thereis a potentid for spillage.

Always wear protective eye wear when conducting laboratory procedures specified in
this SOP.

Read, undergtand, and follow the Materia Safety Data Sheets (MSDS) or Chemical
Safety Cardsfor dl chemicasinvolved in this procedure.

Always keep open chemica containers in fume hoods and wear adequate protective
clothing according to the MSDS sheets for that chemical. Wear dust mask when
transferring dry MgO powder during weighing operations, unless you work in a hood.

Always label secondary containers used in this procedure.

Work in alaboratory hood when transferring acohol, acohol/MgO durries, and when
removing MgO powder from the denuder with |aboratory tissue, cotton swabs, and/or
adream of air or nitrogen gas.
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Equipment and Materials

31

3.2

3.3

34

35

3.6

3.7

3.8

39

3.10

311

3.12

3.13

Plagtic or latex digposable gloves, szed to fit. RTI stockroom item.
Magnesium oxide, light powder, USP. 500 g. EM Science, product No. MX0064-1.
Ethanol (ethyl acohol). 500 mL. RTI stockroom item. 200 proof, absolute.

Alternate durry solvent. Methanol (methyl acohol). J.T. Baker product 9076-03 or
equivalent.

Hydrochloric acid solution. 2 norma (2N). Prepared by 1:3 dilution of 6M reagent
grade concentrated acid. Work in ahood. Wear safety glasses and rubber gloves.
Pour 2 parts of digtilled water into a glass besker. For example, pour 40 mL of water
into 2100 mL beaker. Pour 20 mL of 6N hydrochloric acid into a glass graduated
cylinder. Then dowly add the 20 mL of acid to the 40 mL of water to make 60 mL of
2N acid solution.

Wheaton bottles, 125 mL capacity with screw cagps and plagtic or Teflon cap liners (for
preparation of smaller amounts) . Wide-mouth bottles, 1L and 500 mL capacity with
screw caps and plastic or Teflon cap liners (for preparation of up to 400 mL of durry).

Funnel, glass, powder. 80 mm width, 60 degree dant. To transfer dry MgO powder
and durries of MgO.

Didtilled water, laboratory grade. Available from in-house supply, RTI building No. 3
or 6.

Magnetic gtirrer and Teflon-coated gtir bar, 1-inch length.

Graduated cylinder, glass, 50 or 100 mL capacity. Graduated to nearest 1 mL.
Various glassware (beskers, Erlenmeyer flasks, etc.)

Spatula, dainless sted. For transfer of magnesium oxide from the reagent bottle to the
durry bottle or besker during weighing.

Top-loading dectronic balance. 100 g or 400 g capacity. Readable to nearest 0.01.

Quadlity control test weights, gppropriate for characterizing the operating range of the
balance at 10%, 50% and 75% of scale.
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Source of clean, dry air or nitrogen. Fexible Tygon tubing for routing air or nitrogen to
denuder tubes during drying stages. Air and nitrogen are available at hoods in Building
No. 6 or 3.

Aluminum honeycomb denuder substrate, clean and dry. Denuder subgtrate materid is
available from Met One Instruments, Inc.

4,0  Cleaning Aluminum Honeycomb Denuder

4.1

4.2

4.3

If the denuder is il inits Met One auminum sampler collar, gently remove the denuder
body by pressng uniformly on one end to push it from the collar. Inspect each
auminum honeycomb denuder carefully to be sure it is not broken, bent, or
compressed 0 the orifices are closed or alarge gap exists. One technique for
examining the denuder isto hold it up to alight and sght through the tubes while looking
for agns of Folitting or closure.

If the denuders are not clean, including unused denuders received directly from the
manufacturer, hold each securdly and dip it into an acetone, methanol, or ethanol bath
to remove debris and ails.

If the denuder is coated with magnesium oxide, 2N hydrochloric acid must be used to
remove the coating. Proceed as follows, working in ahood and wearing safety glasses
and protective apparel.

4.3.1 Dran any excesswater from the denuder. Place 25 mL of 2N acid in aglass
besker that will just accommodate the denuder when it is dipped into the
solution.

4.3.2 Thread ashort length of polyethylene tubing through a honeycomb channel near
the center of the denuder to serve as ameans of inserting the denuder into the
acid bath. Cautioudy dip the denuder into the acid solution.

CAUTION: Gaswill beevolved. Do nat leave the denuder in the solution
more than about 2 minutes.

4.3.3 Move the denuder up and down in the solution until gas evolution ceases and
the surface of the denuder isshiny. Remove the denuder from the acid bath.

4.3.4 Rinsethe denuder with plenty of tap water and follow this with multiple ringing
with a stream of digtilled or deionized water from the |aboratory source, taking
care to pass water through each honeycomb opening and the crevices on the
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outer suface.

4.3.5 Findly, passastream of ar or nitrogen through the denuder to remove most of
the water. Let each denuder air dry overnight before coating it.

NOTE: If adenuder isneeded sooner, continue passing a stream of
laboratory air or nitrogen through the tubes until dl surfaces are dry.
Alternatively, ethanol or methanol can be added to the denuder to rinse out
the water and then dry the denuder with astream of air or nitrogen.

4.3.6 Properly dispose of the acid bath.

5.0 Preparation of Magnesum Oxide Surry

5.1

5.2

5.3

Using the basic formulation, 12.5 g magnesium oxide per 40 mL ethyl dcohal, a
powder funnel, and atop-loading baance, quantitatively transfer the gppropriate
amount of MgO into alabeled, preweighed, Wheston bottle or wide mouth glass bottle
outfitted with a screw-type closure. Cap the bottle. Record information in laboratory
notebook.

NOTE: Theamount of durry prepared will depend on the number of devicesto be
coated. One bottle of durry prepared using the basic formulation is sufficient to
apply asingle coating to upwards of a dozen Met One auminum honeycomb
denuders. Other types of bottles may be used used to prepare larger amounts.

Working in the hood, use the graduated cylinder to add the appropriate amount of
ethyl acohol (eg., 40 mL to 12.5 g MgO) to the Wheaton bottle containing the MgO
powder. Cap the bottle securdly. Tilt the bottle and contents back and forth severa
times until dl the powder iswet with acohal.

Open the bottle and insert a Teflon-coated magnetic stirring bar. Replace the cap and
place bottle on amagnetic sirrer. Stir for 3-4 hours or overnight at “low” or “2"
setting.  Shake the battle from time to time (every 30 minutes) to bring MgO which may
have settled out and accumulated on the walls of the bottle back into the durry.
Continue gtirring the durry throughout the coating process.
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6.0  Coating of Aluminum Honeycomb Denuderswith Magnesum Oxide

6.1

6.2

6.3

6.4

6.5

6.6

Weigh the clean, dry denuder on the top-loading balance to the nearest 0.01 g. See
section 4.0 for cleaning and drying procedure. An uncoated Met One duminum
honeycomb denuder weighs between 5 and 6 g. Record information in alaboratory
notebook dedicated to denuder preparation. Return the denuder to the hood to start
the coating process.

Wearing properly fitted plagtic gloves and appropriate eye protection, transfer enough
MgO durry from the preparation bottle to atall, wide mouth glass bottle (e.g.,
goproximately 6.5 inches tal with an opening gpproximatdy 2.5 inches wide, and the
capacity to contain 400 mL MgO durry). The amount of durry added must dlow for
full coverage of the duminum honeycomb denuder by the MgO durry, and for
unobstructed operation of the magnetic stirrer bar.

NOTE: When coating less than 10 denuders, the durry may be poured into a
beaker and used with or without the magnetic stirrer. In ether case, immediately
after the denuder is removed from the durry in step 6.8 the remaining liquid must be
returned to the Wheaton bottle which is then sealed and placed on the magnetic
dirrer for continued dirring.

To gpply theinitid coating of durry, insert tweezers into an outermost chamber of a
honeycomb denuder and grasp tightly.

Submerge the denuder in the durry and alow the device to remain covered for
approximately five (5) seconds. Lift the denuder out of the durry but continue to hold it
over the mouth of the bottle.

CAUTION: Do not dlow the denuder to interfere with the operation of the dtirrer.

Immediately, but dowly dip the denuder in and out of the solution five (5) times. Ensure
that the device is completely covered by the durry each time it enters the solution.
Submerge the device a sixth time and dlow it to remain covered for ten (10) seconds.

Lift the denuder out of the durry but continue to hold it over the mouth of the bottle,
Grasping the tweezers tightly, use a sharp downward thrust to remove as much of the
durry as possible from the chambers of the denuder. A sgnificant amount of durry may
remain in the chambers. If so, the downward thrusting may be repeated once more, but
follow the cautions as noted below.

CAUTION: Do not attempt to remove the durry from the denuder’ s chambers by
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6.11
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tapping againgt the Sde of the bottle. Such action could result in uneven didtribution
of the durry in sections of the denuder or within individua chambers. Also, durry
gplashed onto the sides of the container will dry quickly and could be released back
into the solution forming unwanted particles or lumps.

CAUTION: Care mug be taken to limit the evaporation of acohol from the durry.
Place awatch glass over the opening of the bottle immediatdy after the denuder is
removed from the durry.

Grasp the denuder between the thumb and forefinger and look down into the device.
The mgority of the chambers should contain durry as evidenced by no light gppearing
(i.e.,, you cannot see through the chamber) at the bottom of the chamber.

To facilitate even digribution of the durry within the chambers, rotate the device 180°
from top-to-bottom-to-top, five (5) times. The durry contained within the denuder
chambers can be seen if the denuder is viewed from the bottom.

Crumple alarge absorbent sheet of paper toweling into aloose wad, creating channds
which will promote draining the durry from the denuder. The towding could be
prepared prior to immersing the device a step 6.4.

NOTE: Although either maybe used, toweling such as Kimwipes® appearsto
work better than ordinary lavatory paper towels.

Place the denuder on the wadded toweing and press it firmly into the paper. At the
sametime, bring the toweling up and around the sides of the device to absorb the
excess durry from its outside surfaces.

NOTE: Covering the top of the device with the toweling is not necessary or
recommended.

Lift the denuder and then firmly pressit bottom-side down on a clean section of the
toweling. Rotate the denuder bottom-side up and repest the procedure moving to a
clean section of the towding eech time. If liquid can be seen in any of the chambers; it
may be necessary to tamp the device lightly on the toweling to didodge the excess
durry beforeit driesin place.

NOTE: Toweing used in steps 6.10 and 6.11 must be discarded. Reuse with the
next denuder is prohibited because particles doughed from the dried durry could
block openings or adhere to chamber walls.
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Tilt the denuder top-to-bottom, hold it up to a bright light, or look down into the
chambersto verify that dl of the chambers are clear of excessdurry.

To begin the drying process, gently but quickly, wave the denuder up and down t6-so
that room air moves fredly through the chambers. Do not ding or shake the denuder.
Asthe acohol evaporates, the outside of the devices should fed coal to the touch.
Continue this process for gpproximately fifteen to thirty (15 - 30) seconds.

For continued evaporation of the acohol, place the denuder on an open-weave plagtic
mat, test tube holder, wire rack, or some other structure that does not block the bottom
of the device and dlows unobstructed exposure to room air. Place the denuder in the
laboratory fume hood.

Allow the coated denuder to dry for at least one (1) hour. After drying, use a hand-
held magnifying glassto view and ensure that none of the chambers are blocked by
dried MgO coating. If necessary, carefully use athin wire to scrape away the plug.
Apply agentle stream of nitrogen to the opposite end of the previoudy blocked
chamber to flush out MgO dust.

CAUTION: Particlesfrom the dried MgO durry are quite easly generated. Care
must be taken when handling coated denuders. Prior to coating the next device,
gloved hands should be rinsed under running water and dried completely.

To apply asecond coating of MgO durry, use the tweezers to hold the device as
described in step two; then dip the denuder in and out of the durry fivetimes. Ensure
complete coverage each time the device enters the durry.

Repeat steps 6.5 through 6.14. Allow the denuder to dry in the fume hood overnight.

Verify that none of the chambers are blocked by dried durry. Review step 6.15 for
guidance on clearing blocked chambers. Store the dried, coated denuder in aplastic,
zip-closure bag or plastic box. Labe the storage container with the date of preparation
and storefor later use.
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NOTE: Itisnot criticd for the openings on the extreme outer edge of the denuder
be clear of blockage. However, care should be taken that the amount of MgO
coating present is not extensive or creates adust or fine particle hazard for the other
chambers. Too much MgO on the outer edges of the denuder may prevent its
placement in the mounting ring. If thisis so, work in the hood to gently remove
excess MgO powder with a tiff brush. Tap the denuder on a clean surface to
remove adhering particles, complete the remova of the excess MgO dust by
passing a siream of nitrogen or air over the surfaces.






